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(54) Automotive head liners and related articles 

(57) An automotive interior trim product (12), for ex- 
ample a headliner, and method of producing such a 
product. The product (12) comprising an energy man- 
agement element (18) which is adapted to be secured 
to an automotive interior to provide an energy manage- 
ment function. The energy management element (1 8) is 
fabricated from a material comprising an array of fused 
or bonded tube-like members (6), and comprises a one- 
piece unitary structure with zones of differing physical 
properties. The zones of differing physical properties 



provide different levels of energy management which 
are matched to the requirements of the interior. The dif- 
fering physical properties and so differing levels of en- 
ergy management in the different zones being produced 
by moulding (G,H) of the unitary element (18). Alterna- 
tively and/or in addition within the fused array (18) dif- 
fering types of tube-like members (6) may be used in 
the differing zones. Such differing types of tubes (6a,6b) 
may have different wall (24) thicknesses (t a ,t b ), different 
diameters/dimensions (d d ,d e ). 
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Description 

[0001] This invention relates to automotive vehicles 
and more particularly to materials and components for 
use in automotive vehicles, particularly as the interior s 
trim for such vehicles, notably the materials used as lin- 
ing materials for the driver and passenger seating loca- 
tions in such a vehicle. More specifically the invention 
relates to a material and article for use as a headline r, 
ie a material and product for lining the region of the driver io 
and passenger compartment roof which is in proximity 
to the heads of persons travelling in the vehicle and that 
provides cushioning. Indeed, such materials are the 
subject of regulations and associated legislation so far 
as vehicle manufacturers are concerned. In particular in is 
the US the Federal Motor Vehicle Safety Standard 201 
defines particular impact characteristics and require- 
ments for automotive interiors. Similar such regulations 
exist and/or are being considered in Europe and other 
countries. Some aspects of the present invention are al- 20 
so however applicable outside the field of headliners but 
in related automotive and other applications. 
[0002] Automotive headliners for current vehicle op- 
erating conditions are required to fulfill several func- 
tions. They need to present a cosmetically pleasing sur- 2s 
face finish to the vehicle roof inside surface. They are 
also now required to provide energy management (aris- 
ing from a requirement to absorb energy upon impact 
with the headliner by a person's head). They are also 
required to provide a degree of acoustic damping in or- 30 
der to reduce noise in the vehicle. In addition, we have 
discovered that such structures should be of an integrat- 
ed structure in which the headliner provides a structural 
function in terms of presenting a unified structure in 
which the parts of the structure which contribute to the 35 
overall energy-management and other functions are in- 
tegrated into a generally one-piece structure which 
presents a unitary basis for providing the requisite struc- 
tures and functions of a headliner. 

[0003] The requirements for energy management of *o 
an automotive interior as a whole (e.g. headliner in com- 
bination with roof structure) are specified (at the present 
time) in Federal Motor Vehicle Safety Standard 201, 
which is incorporated herein by reference. This standard 
sets a maximum HIC value (as defined in the standard) 
which the interior as a whole should comply with. The 
HOC value for the interior as a whole defines and indi- 
cates the impact characteristics and effect of the interior 
when impacted by an object, e.g. a persons head. 
[0004] With regard to these functions and regulations so 
we mention the following. In principle a headliner re- 
quires a greater degree of energy management ability 
in those areas of its structure where the vehicle roof 
structure to which it is attached has the greatest stiffness 
and rigidity. Such areas are generally located somewhat ss 
laterally of the driver and front seat passenger(s), al- 
though other regions of the roof may also be particularly 
stiff or rigid and require a greater degree of energy man- 



agement. On the other hand, where the vehicle roof 
structure is less rigid and more able to deflect (an ex- 
ample of which is the more central region of the roof 
structure of a vehicle in which the less-structurally 
braced roof panel is able to deflect under impact) the 
headliner itself does not need to provide a significant 
energy management level and a headliner which pro- 
vides a lower energy management quotient can be ac- 
cepted in such regions. Accordingly, the requirements 
of a headliner structure which, in an integrated fashion, 
is required to span the driver/passenger head location 
region between and including these regions of varying 
stiffness and rigidity, likewise vary considerably. For ex- 
ample, where the roof structure is the most rigid, the 
higher energy management requirements are imposed 
and required for the on the headliner and these corre- 
sponding regions of the headliner should have a corre- 
sponding higher or highest ability to absorb energy upon 
impact or like circumstances in order that the interior as 
a whole meets the requirements and new regulations. 
[0005] An example of a prior headliner proposal which 
provides for energy absorbency is described in Interna- 
tional Patent application WO 97/109050. This proposal 
suggests the use of a foam material which is impregnat- 
ed with a hardening compound in order to provide an 
energy absorbent headliner. It also describes selectively 
impregnating different areas of the foam forming the 
headliner with different amounts of hardener in order to 
selectively vary the energy absorbent properties. It 
should be noted that a fibreglass reinforcing layer is in- 
corporated with the foam core to provide structural 
strength. 

[0006] A further energy absorbent headliner is pro- 
posed in EP 0,882,622. This headliner again uses a 
foam material which is bonded onto a backing, or rein- 
forcing sheet. To provide selected areas, in particular 
the marginal areas, with improved energy absorbing 
properties additional separate foam panels are provide 
and bonded to the marginal areas of the headliner. 
[0007] WO 97/32752 discloses a different type of 
headliner which comprises a plastic honeycomb core as 
opposed to the foam cores proposed in the above prior 
patents. The objective of this configuration though is to 
provide a more easily recyclable headliner structure. 
Consequently problems associated with having to trim 
considerable amounts of excess material from the 
formed structure in order to produce the required shape 
of headliner are addressed by making the headliner ma- 
terial more easily recyclable. It is not apparent from this 
proposal that energy absorbent properties are provided 
by this proposed structure or how, or even if, specific 
areas are provided with different energy absorbent 
properties. Indeed this proposal simply states that it pro- 
vides good strength and acoustic characteristics. Fur- 
thermore such a plastic honeycomb structure described 
in this proposal would generally be expected, by virtue 
of the strength and stiffness of the honeycomb structure, 
to provide little or no energy absorbency. The interior 
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structure proposed is also relatively heavy and costly to 
produce since the entire uniform structure would be re- 
quired to have the maximum required level of energy 
management/absorbency if it is to be adapted to comply 
with the new regulations and requirements. 
[0008] It is also mentioned that a large number of con- 
ventional prior art head liners currently in use do not pro- 
vide any significant energy management or absorbent 
function. Conventionally head liners for automotive ve- 
hicles have been deigned to simply provide a decorative 
function and to provide acoustic insulation. 
[0009] Other existing proposals for automotive head- 
liners likewise leave something to be desired in terms 
of efficacy, simplicity of construction, weight and/or, 
ease of installation and/or related cost factors due to 
their complex construction and wastage involved in their 
installation, and can be improved. 
[0010] A desirable object of the present invention is 
to provide materials and articles applicable to use as au- 
tomotive headtiners, and for analogous uses offering im- 
provements in relation to efficacy and/or, ease of man- 
ufacture and/or ease of installation and/or simplicity of 
structure and/or versatility, efficacy and/or cost, weight 
and/or improvements generally. 

[0011] According to the present invention there is pro- 
vided an improved automotive interior trim product, and 
method of producing said product, as claimed in the ac- 
companying claims. 

[0012] One aspect of an embodiment of the present 
invention is predicated on the use, to form an automotive 
headliner and in particular an energy absorbent core 
structure for an automotive headliner or similar, from a 
material formed by the joining of straw or tube-like pol- 
ymeric elements into a coherent mass, for example a 
block or sheet. In such a material the polymeric tubes 
are caused to cohere by a suitable process of cohesion, 
for example heat-welding or thermal fusing. Such ma- 
terials are not new in themselves. The general manu- 
facturing process to fabricate such materials is thus also 
not unknown to the person versed in the art. An example 
of such a material can be obtained from the firm Trauma- 
lite Limited of Manchester. 

[0013] The aforesaid materials are initially formed in 
block or thick sheet format and then, for typical applica- 
tions, that block or thick sheet is sliced or cut to produce 
a sheet or the like which can be conveniently used for 
applications in which the honeycomb format, the flexi- 
bility of the material, energy absorbent properties given 
by the tubular elements, and distinct method of manu- 
facturing the material can be utilised to advantage. 
[0014] For the purposes of one aspect of the present 
invention and its particular embodiments the basic start- 
ing material on which this aspect of the method and 
product is based, as identified above in general terms, 
and regardless of its basic structure and method of man- 
ufacture (as opposed to the changes in these introduced 
by the invention and its embodiments) will be referred- 
to as "materials of the kind described". 



[0015] It should be noted that such honeycomb ma- 
terials, formed from individual tube-like polymeric ele- 
ments which are fused together into a unitary structural 
member, differ substantially both in terms of construc- 

5 tion, manufacture, and impact absorbing properties and 
mechanics from conventional foam materials generally 
used to provide for impact absorption within convention- 
al headliner assemblies. This material can to some de- 
gree and in some respects also be contrasted with con- 

io ventional honeycomb materials which may also be used 
to form headliner or other trim assemblies and which are 
generally produced in very different ways. There are 
however some similarities between a conventional hon- 
eycomb and the material of the kind described. Accord- 

is ingly whilst some aspects of the invention, and the pre- 
ferred arrangement, are related to the specific material 
of the kind described, the principles once appreciated 
in relation to this specific material, can be applied to oth- 
er similar honeycomb materials and such materials can 

20 be accordingly adapted along the lines described. 

[001 6] This aspect of the present invention and its em- 
bodiments seek (inter alia) to utilise this material, and 
various advantageous qualities of the material, to pro- 
vide a particular advantageous application of the mate- 

25 rial in order to improve significantly the efficiency of 
manufacture and/or installation and/or effectiveness in 
use of automotive interior trim components, particularly 
headliners and the like. 

[0017] Accordingly one broad general aspect of the 

30 invention is the use of such a material comprising a 
fused array of tube-like members to provide an energy 
management element of an automotive trim product, 
and in particular of a headliner. In such an arrangement 
an automotive trim product with the desired and required 

35 energy management capabilities is provided by the ad- 
vantageous utilisation of the energy absorbing capabil- 
ities of the material of the kind described. 
[001 8] A particular feature of an automotive trim prod- 
uct incorporating an energy management core element 

40 comprising an array of fused tube-like members, form- 
ing a material of the kind described above, is of the array 
of fused tube-like members having, and being adapted 
to have, within the same, substantially one-piece, ele- 
ment integral selective regions (or portions) which are 

45 adapted to have different levels of energy management. 
[0019] An energy management element in which in- 
tegral selective regions (or portions) of the same, sub- 
stantially one-piece, unitary element have different en- 
ergy management properties provides a trim product 

50 which can match the localised different energy manage- 
ment requirements of the interior Such a trim product 
can be contrasted with conventional designs in which 
the energy management element provides uniform lev- 
els of energy management or, to provide different levels 

55 of energy management, additional, separate additional 
energy management elements (e.g. additional foam 
blocks) are generally added. 

[0020] Using a material of the kind described within 
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an automotive trim product, and in particular a headliner, 
the physical properties, notably the degree of stiffness 
and/or hardness and/or resilience, may (in alternative 
and secondary embodiments) be varied by varying the 
physical properties of some of the tubular or straw-like 
elements of the one-piece unitary fused array and struc- 
ture. For example the cross-sectional diameter or major 
dimension (if not circular), and/or the wall thickness of 
those tube members, could be varied. Also by providing 
a partial or complete filling of material within the internal 
spaces or voids of the tube members the properties can 
be altered and selectively adjusted. 
[0021] In this way, the material of the kind described 
can be provided with zones or areas of differing resil- 
ience and/or compressibility and/or other physical prop- 
erties within the structure of a one-piece element where- 
by, by appropriate placement and choice of these zones 
in which tube-like members with different properties are 
used, the differing requirements of an automotive inte- 
rior trim product such as a headliner can be conveniently 
accommodated in a unitary product element. 
[0022] Accordingly, under this aspect and embodi- 
ment of the invention there is provided a product and a 
method of making same, for example an automotive 
headliner which, in a one-piece unitary construction 
formed from a material of the kind described, there is 
provided the relative versatility of incorporating in the 
product zones of differing compressibility (and energy 
management) and/or other physical properties, in ac- 
cordance with the many and varying differing design and 
layout aspects from one automotive vehicle interior to 
another. Such an ability and possibility is provided, in 
part, by the use of the material of the kind described. 
The headliner is accordingly adapted to provide, and 
provides, a unitary structure with varying degrees of en- 
ergy management according to the varying require- 
ments from place to place of the interior 
[0023] By providing variations of the density and/or 
other physical properties of the material of the kind de- 
scribed, the advantage is offered of reducing the cost of 
the material in those locations where such is possible. 
To put it another way, the honeycomb structure varies 
from place to place in the product according to the lo- 
calised requirements thereof, thereby reducing cost and 
increasing cost-effectiveness. In this regard it should be 
noted that the material of the kind described, and hon- 
eycomb material in general, when configured to provide 
a high degree of energy management function are costly 
to produce. Use of separate, distinct sections of material 
tailored to provided different energy management func- 
tions to reduce the costs has the disadvantage of reduc- 
ing the structural integrity. By using the material of the 
kind described or similar, and by selectively tailoring the 
energy management properties in selective regions of 
the same one-piece unitary integrated element, howev- 
er a cost effective product with sufficient structural in- 
tegrity can be produced. 

[0024] In particular, according to this aspect, the fused 



array of tube-like members forming the energy manage- 
. ment element may comprise different individual types of 
tub -like members which are fused together into the uni- 
tary fused array. The different types of tube-like mem- 
s bers have differing physical properties, and so provide 
differing levels of energy management capability. 
[0025] It will be recognised that due to the way in 
which conventional honeycomb and foam structures are 
conventionally produced it is not generally possible to, 
10 within an integral one-piece unitary structure, use differ- 
ent cell types (corresponding to different tube-like mem- 
bers of the array) and provide selective regions of an 
integral structure with different physical properties and 
energy management properties. The relatively new ma- 
is terial of the kind described can however provide this 
function since it is formed in a different way from indi- 
vidual tube-like elements which are then fused together 
to produce a unitary, integral, integrated coherent struc- 
ture. However having appreciated the benefits, as de- 
20 scribed herein, of this aspect in relation to the material 
of the kind described, the same or analogous principles 
can be applied and used in conjunction with other similar 
and/or related honeycomb structured materials and the 
method of producing such materials altered to incorpo- 
25 rate the benefits. 

[0026] The material of the straw or tubular elements 
may be chosen by the skilled person according to the 
requirements of the particular application and in partic- 
ular the tube-like members in different regions of the ar- 
30 ray may be of various different polymeric and/or other 
materials (generally plastics) with or without fillers and 
extenders and having different properties. Materials to 
be considered include not only polypropylene but also 
polycarbonate, polyethylene and polyesters. 
35 [0027] Where the hollow or tubular elements which 
make up the honeycomb structure are to be fully or par- 
tially filed in order to alter the properties, then a suitable 
material may include polyurethane foam (or polymer fi- 
bres or other suitable acoustic materials) to serve as 
40 such filling. Where the product requires an indicator pro- 
viding information as to use and extent of use, then it is 
believed to be technically feasible to include within the 
product an impact-responsive dyestuff or the like which 
will produce a visible colour change upon the occur- 
45 rence of a significant impact with the headliner or other 
article, so that the need for replacement after a vehicle 
impact or other event may be readily identified. 
[0028] In another aspect of the invention, which may 
be used separately or in combination with the above as- 
50 pect, the energy management element comprising the 
array of fused tube-like members, comprising a honey- 
comb like assembly of the material of the kind described, 
is moulded to shape. In this way these embodiments of 
the invention are able to produce a dimensionally-accu- 
55 rate moulded structure according to the spacial require- 
ments imposed by the dimensions and shape of the ve- 
hicle roof structure while nevertheless providing the re- 
quired energy management functions in terms of an abil- 
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ity to absorb kinetic energy by deflection and/or buckling 
of the cross-sectional shape of the tubular elements up- 
on impact. 

[0029] Such use of the inherent energy-management 
properties of the tubular elements in combination with 
the hitherto unsuspected ability of the material of the 
kind described to be moulded into a coherent structure 
presenting physical properties usefully different from 
those of the unmoulded sheet material (of tubular ele- 
ments) represents a significant advance in the art of 
constructing headliners. Such a moulded no-trim head- 
liner structure is in itself is a step forward with respect 
to previous headliner proposals and uses. 
[0030] In this way the main structure of the product 
(for example an automotive interior trim product, in par- 
ticular a headliner) is formed as a moulding-to-size of a 
sheet or the like element of a material of the kind de- 
scribed. By forming a headliner as a pre-moutded (to 
size) product from a material of the kind described there 
is provided an improved headliner which is better adapt- 
ed to the physical requirements of the specific automo- 
tive interior location and is more efficiently manufac- 
tured and installed than the existing resilient materials 
which are currently used in this specific location, not to 
mention the fact that these latter materials are used in 
multi-piece format in order to accommodate the vagar- 
ies of the internal structure (including both vehicle 
strengthening frame elements and the like, and the 
sheet metal covering). The headliner provided by this 
embodiment of the invention is moulded to the specific 
shape and size and may include, for example, a suitably 
shaped and sized pre-formed sun roof opening to ac- 
commodate that function where required. 
[0031] Such an automotive interior trim product, par- 
ticularly a headliner, is moulded to shape and size, and 
may include suitably in-moulded openings such as for 
a sun roof, and which is in, preferably, one-piece format 
and requires no, or at least little/minimal (considerably 
less than with conventional methods), final trimming to- 
stze on assembly. 

[0032] The moulding process enables the production 
of a unitary structure having the required dimensional 
characteristics as mentioned above. 
[0033] Furthermore, and in a further aspect, the 
moulding of the energy management element surpris- 
ingly and unexpectedly, has several additional distinct 
functions and advantages. In particular it has been 
found that the moulding process can be adapted to 
cause the tubular elements to be permanently deformed 
in the required locations or zones or regions, so that the 
uniform cross-sectional shape of the tubular elements 
is at least in the outer (meaning opposite sides or upper 
or lower) regions of the headliner permanently deformed 
so as to change the structure of these tubular elements 
so that they are caused to have a reduced crushable or 
deformable cross-section and thereby their energy 
management function is likewise altered. Accordingly 
the moulding technique can be arranged and adapted 



to alter the energy management capability of selective 
regions of the energy management element as dis- 
cussed abov under the previous aspect of the inven- 
tion. 

s [0034] Existing research and development shows that 
the moulding alteration of the structure of the coherent 
mass of tubular elements produces an important 
change in the structure and energy management func- 
tion of the tubular elements, whereby they are caused 

10 during the moulding process to adopt a permanently re- 
duced or changed cross-sectional profile. Generally it is 
understood that the stiffness of the honeycomb or the 
like assembly of tubular elements is increased and the 
slope of the graph of deflection of the structure under 

is load or impact against load or impact is steepened in 
the direction indicating a higher rate of rise of resistance 
to actual deflection. 

[0035] Accordingly, this discovery of the ability of the 
tubular elements to provide a changed stiffness and en- 

20 ergy management function in response to conditions 
and configurations adopted during moulding means that 
these embodiments of the invention are able to provide 
not only a moulded and integrated headliner having the 
required dimensional and format/configuration require- 

25 ments, but also the product can be provided with energy 
management qualities, which may or may not vary from 
place to place, in accordance with the particular require- 
ments of the intended use. 

[0036] Accordingly, one broad aspect of the invention 
30 provides a moulded headliner structure. The headliner 
structure is dimensioned and configured, at least in part 
by the moulding operation, to conform to the corre- 
sponding dimensional and configuration requirements 
of a vehicle roof structure. 
35 [0037] Another broad aspect of the invention provides 
a vehicle headliner or the like in which an assembly of 
tubular elements is moulded to vary its physical charac- 
teristics such as crushability and/or deformability and/ 
or stiffness or rigidity, according to the local require- 
40 ments of the configuration of the vehicle roof structure. 
[0038] Embodiments of the invention may also adopt 
an approach in which the energy management function 
of the headliner is varied by providing differing depth of 
the headliner in terms of differing thickness of the crush- 
es able or deformable tubular element cross-sections. In 
these embodiments such variation of depth may be pro- 
vided by an approach in which the energy management 
function is varied by use of the moulding technique to 
modify or reduce the available crushable or deformable 
so aggregate cross-section of the tubular elements, by 
modification of this latter factor during the moulding 
process of the headliner. Accordingly the moulding tech- 
nique varies the available crushable depth of the mate- 
rial. Alternatively the depth can be varied in other ways. 
ss [0039] In the regions of higher energy management 
requirements, these requirements may be met by the 
provision of a corresponding depth of the energy man- 
agement element and array of fused of tubular ele- 
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merits. The depth (in terms of deflectable or crushable 
cross-sectional shape) provides the corresponding en- 
ergy management function. Likewise where a lesser de- 
gree of energy management is needed, a lesser depth 
of crushable or deflectable cross-section of tubular ele- 
ments is provided. 

[0040] It has also been found that this moulding of the 
energy management structure to shape it to size and/or 
the alteration and provision of localised differing energy 
management properties in a unitary energy manage- 
ment structure is not limited to energy management el- 
ements formed from materials of the kind previously de- 
scribed. In particular the moulding technique can simi- 
larly and analogously be used to alter the shape and/or 
energy management properties of any energy manage- 
ment material comprising a coherent structure compris- 
ing an array of laterally interconnected tubular or cellular 
elements. Such moulding advantageously provides 
similar results and advantages. Indeed this moulding 
aspect, as with some of the previously mentioned as- 
pects, can be applied to energy management structures 
comprising unitary or coherent honeycomb or cellular 
materials regardless of how the particular material form- 
ing the energy management element is initially pro- 
duced. Accordingly under this aspect of the invention, 
an automotive interior trim product comprises an energy 
management element produced by moulding a sheet of 
honeycomb or other similar cellular type material with 
the moulding operation adapted to vary the localised en- 
ergy management properties of particular regions of the 
moulded energy management element. 
[0041] A further aspect of the invention relates to the 
use of blocks of the material of the kind described which 
are formed to the desired cross-sectional shape and 
size so that layers thereof removed, as in effect blanks 
for moulding or other manufacturing steps to produce a 
headliner of other trim panel, are already suitably sized 
and shaped. Such can be formed by closely packing the 
tube-like elements into a suitably shaped former. When 
the elements packed in the former are fused together 
then the block of material produced, and the layers 
sliced therefrom will have a shape corresponding to the 
former. Consequently the layers sliced from the block (i. 
e. the blanks of material) to form the energy manage- 
ment element are of a near net shape as compared to 
the final headliner shape and dimension. This advanta- 
geously results in a reduction of wastage of material and 
trimming of the energy management element to produce 
a trim product of the required shape as compared to that 
conventionally required. Again this aspect is predicated 
upon the use of the material of the kind described which 
is different to, and is fabricated in a very different way 
to that conventionally used to produce, conventional 
honeycomb structures or foam members. In particular it 
is not generally commercially viable to directly produce 
a structure of such a near net shape without trimming. 
[0042] Previously proposed headliner structures for 
automotive use have been based on, for example, poly- 



urethane within a fibregtass envelope wherein the en- 
velope or surface layer or layers contributes significantly 
to the structural integrity of the headliner as a whole. 
The material of the kind described used in the embodi- 

s ments of the present invention offers improved structur- 
al integrity in it own right. However it will be appreciated 
that by employing cover layers or panels (for example 
of fibregtass or other material) on one or both sides of 
the array of fused tube-like elements forming the energy 

10 management element, the structural strength can be 
further improved. Such cover panels or layers could also 
be provided in selective regions to provided localised 
structural strengthening. In addition to strengthening, 
such cover layers or panels provide a more aesthetically 

is pleasing surface and may also improve the acoustic 
properties. These cover panels or layers may be struc- 
turally attached to the fused array of tube-like members 
to form an I beam type structure. Such attachment may 
be achieved in a moulded product during the moulding 

20 operation. Alternatively the cover panels or layers may 
be laminated onto the layers of material (or blanks) 
sliced from the block. 

[0043] It will be appreciated and recognised that the 
above aspects and inventive features can be used and 
25 found individually or in combination in embodiments of 
the invention. 

[0044] The present invention will now be described by 
way of example only with reference to the following fig- 
ures in which:- 

30 

Figure 1 is a transverse sectional view taken 
through a headliner embodying the invention as fit- 
ted to an automotive roof structure; 
Figure 2 is a schematic illustration of the steps in- 

35 volved in the production of the headliner structure 
in accordance with the present invention; 
Figure 3 is a transverse cross section of the head- 
liner assembly produced by the method of figure 2; 
Figures 4 and 5 are respective part plan and side 

40 views of the arrangement of tube elements used in 
the method shown in figure 2; 
Figure 6 is a detailed part illustrative view showing 
a cross section though the deformed internal struc- 
ture of a moulded fused tube element produced dur- 

45 ing the moulding shaping process of the method 
shown in figure 2; 

Figure 7 is a plan view of a shaped former which 
may optionally be used in the method shown in fig- 
ure 2; 

so Figu res 8 and 9 are respective part plan views, sim- 
ilar to that of figure 4, of alternative arrangements 
of the tubes elements, according to further embod- 
iments of the invention and to be used in the method 
shown in figure 2 or other attercative methods of fur- 

bs ther embodiments. 

Figure 10 is a cross sectional side view similar to 
that of figure 5 but showing an alternative embodi- 
ment in which cover panels are attached to the 
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fused tube element. 

[0045] Referring to figure 1 there is shown an auto- 
mobile roof 10 having a headliner 12 of the present in- 
vention installed therein. The roof 10 includes internal 
rails 1 4 that provide strength along the side marginal ar- 
eas of the automobile body from the front windshield ar- 
ea to the back window area. Edge areas of the headltner 
12 are attached to the roof rails 14. 
[0046] The headliner 12 in this embodiment is pro- 
duced from a material formed by the joining of straw or 
tube-like polymeric elements 6 into a coherent mass, for 
example a block 16 or sheet 18. The polymeric tubes 6 
are caused to cohere by a suitable process of cohesion, 
for example heat-welding. Such materials are not new 
in themselves. An example of such a material can be 
obtained from the firm Trauma-lite limited of Manches- 
ter. 

[0047] A specific exemplary process and method for 
producing the headliner 12 is shown in schematic illus- 
trative form in figure 2. 

[0048] In a first step A, tubes 6 are manufactured from 
a thermoplastic material 2 such as polypropylene, poly- 
carbonate, polyetherimide, polyethylene or polyester for 
example by an extrusion process from a molten supply 
of the material 2, using an extruder 4. These tubes 6, of 
substantially uniform length, are then closely packed 
within a former assembly 8 as shown in step B. The 
closely packed arrangement of the tubes 6 within the 
former assembly 8 is shown in figure 4, which is a plan 
view of the arrangement of the tubes 6. The former 8 
and tubes as an assembly 10 are then transferred C to 
an oven 14. In the oven 1 4 the tubes 6 and former 8 are 
heated D such that the individual tubes 6 packed within 
the former 8 fuse together to form a unitary body or block 
16. The touching walls 24 of the individual closely 
packed tubes 6 within the former 8 Join togther as the 
assembly 10 is heated within the oven 14. The body or 
block 16 is removed E from the former 8 as a unitary 
fused entity The body or block 16 is then sliced F into 
multiple layers along lateral planes substantially per- 
pendicular to the axes of the tubes 6 to produce a gen- 
erally planar fused tube element 18. In this way number 
of fused tube planar elements 18, in the form of blanks, 
can be produced in a cost effective and rapid manner 
from a single formed block structure. It begin appreciat- 
ed that the forming of the block 16 from individual tubes 
is relatively time consuming and therefore by producing 
a number of elements from the block the individual time 
and cost to produce the required fused tube planar ele- 
ments 18 is reduced. The fused tube planar elements 
18 are transferred G to a moulding apparatus 20 and 
heated either prior to, or during the moulding operation 
H in order to allow the fused element 18 to be moulded 
1 8, and be deformed during moulding. The moulding ap- 
paratus 20 comprises an upper 22 and lower 21 shaped 
platens which together complimentarily define the pro- 
file and shape of the headliner 1 2. The fused tube planar 



elements 18 are interposed between the platens 21 ,22 
and the platens 21 ,22 are brought together to sandwich 
the fused tube planar element 18 therebetween and 
mould H it to the required non-planar shape of the head- 
5 liner 12. The moulded fused tube planar elements 18 
produced by the moulding operation H are removed 
from the mould apparatus 20 and may be trimmed and 
finished to final size in step I to produce the finished uni- 
tary headliner 12 assembly which can then be fitted as 
10 a unitary unit into a vehicle roof structure 10. 

[0049] The moulding ope rat ion G,H bends the fused 
tube planar elements 18. This causes deformation of the 
fused tube planar element 18, the internal structure of 
the fused tube planar element 1 8 and in particular caus- 
es es bucking of the walls 24 of the tubes 6 within the fused 
tube planar element 18. In addition the moulding alters 
the thickness of the element 18. During the moulding 
operation G,H, and as the platens 21 ,22 are closed on 
the fused tube planar element 18, portions of the fused 
20 tube planar element 18 are crushed and compressed. 
This causes a permanent deformation of that portion of 
the fused tube planar elements 18 with a result that the 
portion of fused tube planar elements 1 8 is made thinner 
than other areas which are not, or are less crushed. The 
25 degree of crushing and compressing of the fused tube 
planar element 18 can be controlled by the complemen- 
tary shape of the platens 21 ,22 and controlling the clos- 
ing of the platens 21,22. The result of the moulding op- 
eration G,H can be seen by comparing figures 5 and 6 
30 which show respectively cross sections (along the axes 
of the tubes 6) through the fused tube planar elements 
18 before and after the moulding operation G,H and 
clearly show the buckling of the tube elements 6 pro- 
duced during the moulding G,H. 
35 [0050] Referring to figure 6 the deformation of the 
walls 24 of the tube-like elements of the fused tube pla- 
nar element 18 in response to the moulding operation 
G,H is clearly shown. This deformation and buckling of 
the walls 24 reduces the length of the tube like elements 
40 6 and therefore the thickness of the fused tube planar 
element in that region. During the moulding operation 
G,H the fused tube planar element 18 may be heated 
from one or both sides (upper and lower). Such different 
heating causes different deformation during moulding 
45 operation G, H. In figure 6 the deformation produced by 
heating from the upper side (top) of the fused tube pla- 
nar element is shown in region 60, whilst in region 62 
the deformation produced by heating from both sides 
(top and bottom) is shown. It will be appreciated that 
so such different heating in a single element would not nor- 
mally be carried out and that figure 6 is simply illustra- 
tive. As can be seen the walls 24 of the tube like ele- 
ments 6 buckle and deform more easily adjacent to 
where the heating is applied during the moulding oper- 
as ation G,H. Consequently as shown in region 60 most 
buckling occurs in the uppermost portions of the tube- 
like members 6, with the lower portions, which are away 
from the heating hardly deforming during moulding. On 
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the other hand with heating from both sides, as shown 
in region 62, buckling occurs in both the upper and lower 
portions with the centre portion only slightly buckling. As 
is also shown in figure 6, the most buckling of the walls 
24 of the tube-like members 6 occurs during the mould- 
ing operation G,H where the thickness of the fused pla- 
nar element 18, and so of the energy management ele- 
ment, is reduced the most by the moulding operation. 
Whilst figure 6 shows flat planar moulding of the fused 
planar element 18, the moulding can also be carried out 
to bend, shape and deform the planar element from its 
planar form. In such a case the walls 24 of the tube-like 
elements 6 in those regions where the fused planar el- 
ement 18 is bent during the moulding operation will 
buckle and deform in an analogous fashion to that 
shown in figure 6. The buckling of the tube-like elements 
6 in such a situation allows the planar element 18 to be 
bent, deformed and shaped. 

[0051] It has been found that by so moulding the fused 
tube planar elements 18 and causing a permanent de- 
formation and buckling of the internal tube structure, that 
the properties of the material are, and can be varied. In 
particular deformation and buckling of the internal tube 
structure alters the stiffness and resistance to deforma- 
tion of the headliner structure to an impact force applied' 
normal to the face of the headliner 12, in generally the 
axial direction of the tubes 6, end on to the tubes 6. Con- 
sequently different energy absorbing characteristics 
can be provided by adjusting the moulding operation G, 
H to vary the permanent deformation of the fused tube 
planar elements 18 and in particular to vary the degree 
of buckling produced. Specifically initial deformation 
and buckling of the fused tube planar elements 18 re- 
duces their stiffness, and/or in effect increases the re- 
silience, in a direction normal to the axes of the tubes 6 
as compared to the unbuckled and deformed fused tube 
planar element 18. It will be appreciated that an unde- 
formed circular tube like member has a considerable 
stiffness and strength in an axial direction. By deforming 
the structure in the moulding operation H, the cross sec- 
tion of the tube-like members 6 is altered from this cir- 
cular or pure tube form, resulting in a commensurate re- 
duction the inherent strength and so stiffness. The re- 
silience of the deformed structure is also increased 
since it is possible for the structure to bend and flex 
along the deformations and buckling lines produced dur- 
ing the deformation. With the undeformed structure 
there are no deformation and buckling lines to provide 
any resilience and the undeformed structure will resist 
a load until it buckles, abruptly at a particular load. Fur- 
ther deformation and buckling however increases the 
density and stresses with a result that beyond a certain 
point the stiffness of the structure increases. In addition 
by compressing the fused tube planar element 1 8 within 
the moulding operation G ,H the thickness of the material 
is varied. This too has an effect on the energy manage- 
ment capability of the finally moulded material. 
[0052] From initial experimentation by those skilled in 



the art in implementing the invention, the level of buck- 
ling and deformation required to produce a required/de- 
sired stiffness and energy absorbent capability of the 
material, and the thickness to produce such a capability 

s can be determined. These levels of deformation and 
buckling can then be reproduced and the moulding ap- 
paratus 20 and moulding operation G,H suitably de- 
signed and varied to produce the desired level of defor- 
mation and buckling. In this way the fused tube planar 

10 elements 18 and/or individual sections thereof, can be 
modified to provide the desired energy management 
properties. 

[0053] It should also be noted that the fused structure 
1 8 has a significant structural strength and integrity due 

15 to its fused unitary nature. The moulding operation does 
not significantly affect this with the result that the mould- 
ed fused structure and headliner 12 produced also have 
a significant structural strength and integrity This can 
be contrasted with conventional foam inserts and ener- 

20 gy absorbent members which generally have a lower 
structural strength and require reinforcing. 
[0054] The finished cross section of the headliner 12 
is shown in outline detail in figure 3. As shown the thick- 
ness of the headliner 12 varies with thicker edge por- 

25 tions 26a, 26b. The thicker edge portions 26a, 26b pro- 
vide increased energy management function in these 
regions where, due to the rail member of the roof struc- 
ture increase protections and padding is required to be 
provided. In addition there are also thinner sections 30. 

30 These thinner sections 30 are provided in order to pro- 
vide space between the headliner 12 and the roof struc- 
ture 10 to accommodate, for example, wiring or screen 
wash tubes etc which pass along the inside of the roof 
structure from the front to the rear of the vehicle. In the 

35 centre region 28 of the headliner 1 2, and away from the 
strengthening rails, a lower the energy management 
function is required to be provided by the headliner 12. 
Consequently the headliner can be thinner in these re- 
gions 28. However other factors, for example aesthetic 

40 appearance of acoustic properties may dictate that the 
thickness should be maintained and/or that a greater 
thickness than may be actually required to provide the 
required energy management function in these regions. 
It will be appreciate though that the thickness of the 

45 headliner 1 2 and variation in different regions will be dic- 
tated by the particular requirements of the vehicle within 
which the headliner 12 is installed. The variation is ad- 
justed to provide the varied energy management func- 
tion and also to shape the headliner 12 to the required 

50 shape to both fit in within the vehicle roof structure and 
accommodate other components within the roof. 
[0055] This variation of the thickness of the headliner 
12 is produced in this embodiment by the moulding op- 
eration G,H and the permanent deformation which both 

55 vary the energy management properties and capability, 
as explained above, of the various sections 26a. 26b of 
the headliner 12. 

[0056] It should be noted that using this method of 
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moulding to vary the energy management capabilities, 
a unitary fused tube planar element 18 is produced with 
different regions having different properties, which in 
turn can be used to provide the main core element of a. 
headiiner assembly 1 2. This can be contrasted with prior 
art arrangements in which the energy management 
properties are varied by providing multiple separate ad- 
ditional inserts. Such prior art arrangements are consid- 
erably more complex to produce and involve a larger 
number of individual elements, in particular separate ad- 
ditional impact absorbing foam elements, to make up an 
energy management element or core of a headiiner 12. 
[0057] Following on from this as well as, or alterna- 
tively, the energy management properties of a unitary 
fused tube planar element, of the material of a kind de- 
scribed, may be varied in selective regions in other 
ways. For example as shown in figure 8, tubes 6 of dif- 
fering wall thicknesses could be produced, with some 
tubes 6a having a thicker wall 24a thickness ^ than oth- 
er tubes 6b with a thinner wall thickness t b . These dif- 
ferent types of tubes 6a,6b can be closely packed within 
the same frame 8 with the tubes 6a,6b with different wall 
thicknesses t^ being packed in selected regions 47 
corresponding to where different energy management 
functions and characteristics (eg. higher or lower) are' 
required, for example in regions 47 corresponding to the 
edge portions 26a of the headiiner 12. The thinner 
walled tubes 6b, which since they comprise less mate- 
rial by virtue of their thinner walls 24, are disposed in 
the remaining region 48 where less energy manage- 
ment function and impact absorbency is required. The 
different tubes 6a,6b closely packed in the frame 8 are 
fused into a one piece unitary fused tube array element 
which is an integrated one piece structural element. In 
this case however some regions will have tubes 6 with 
differing wall thicknesses and therefore will provide dif- 
ferent energy management properties. In particular 
those regions 47 which include the thicker tubes 6b will 
be stiffer and more robust by virtue of the thicker walls 
24a and which provide different energy management 
properties and respond differently to impact than the re- 
maining region 48 with thinner walled tubes 6a. In this 
way, and in part by virtue of the way the fused array is 
produced from individual tube elements (i.e. the way the 
material of the kind is produced) the element can be tai- 
lored to match the specific energy management require- 
ments in a cost effective way. 

[0058] In a similar fashion instead of using tubes 6a, 
6b of different wall thicknesses t a ,t b , tubes 6 d ,6 e of dif- 
ferent diameters d d ,d e could be used in different regions 
45,46 as shown in figure 9. Again such an arrangement 
cost effectively produces in a unitary integrated struc- 
ture regions of selectively different energy management 
characteristics, which can be matched to the required 
energy management requirements. It will also be appre- 
ciated that the different dimensions, thickness, and wall 
thickness of the tubes 6 effects the density and weight 
of the structure. Accordingly by using different diameter, 



wall thickness etc. the weight and cost can be varied 
(reduced) where different energy management require- 
ments allow. This is in contrast to a uniform structures 
and in some respects allow such honeycomb materials 

5 to be cost effectively used in a practical arrangement. 
[0059] In a yet further variation along this theme, dif- 
ferent tubes made of compatible, but different materials 
could be used in different regions. The different materi- 
als used for the different tubes having different proper- 

10 ties and provide different energy management charac- 
teristics in the different regions where they are used 
within the unitary integrated structural element. 
[0060] In addition, the selective variation of the energy 
management properties can also be achieved by selec- 

is tive filling (either partial or complete) of selected of the 
tubes 6. Such filling will effect how the tubes 6 deform 
as they are crushed under an impact load thereby var- 
ying the energy management characteristics. 
[0061 ] It will be appreciated that these individual ways 

20 of providing different selective variations in the energy 
management function could be combined in many var- 
ied combinations in further embodiments. For example 
different tubes with both different diameters and wall 
thicknesses could be used. The fused array so pro- 

25 duced could also be moulded to further vary the energy 
management characteristics in selective regions of the 
integrated unitary element. They can also be used with 
or without moulding and the principle may be extended 
to other honeycomb structures comprising tubular ele- 

30 ments produced in alternative, suitably adapted, ways 
in order to take advantage of the principles described. 
[0062] As shown in figure 2 the former 8 into which 
the tubes 6 are closely packed can be of a generally 
rectangular shape. This produces generally rectangular 

35 fused tube planar elements 18. Such generally rectan- 
gular fused tube planar elements 18 will then need to 
be trimmed to size and shape in order to produce the 
finished headiiner 12 which conforms and fits within the 
vehicle roof 10. To address this, and reduce the amount 

40 of trimming required a former 8* of a more complex 
shape, as shown for example in figure 7, could be used. 
[0063] Referring to figure 7, an alternative former or 
frame 8* within which the tubes 6 are closely packed 
could have a shape and outline generally corresponding 

45 to the required shape of the headiiner 1 2 to be produced. 
Furthermore suitable apertures (required for the sun- 
roof, or other fittings) within the fused tube element pro- 
duced can be defined using plug sections 42,41 within 
the former or frame 8'. These plug sections 41 ,42 would 

50 have a shape corresponding to the aperture to be pro- 
vided in the element produced. For example, as shown, 
plug section 41 has a shape corresponding to the aper- 
ture for a sunroof and plug section 42 has a shape cor- 
responding to the aperture for the interior light fitting. 

55 These plug sections 41 ,42 occupy some of the space 
43 within the former 8', with the tubes 6 being closely 
packed around the plug sections 41 ,42. Using such a 
shaped former or frame 8* and/or suitable plug sections 
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41 ,42 a fused tube element of a near net shape, which 
is generally of the required shape of the final headliner 
12 can be directly produced. Consequently little or min- 
imal furthertrirriming is required and wastage of material 
is considerably reduced. Indeed it has been calculated 
that by directly producing a fused tube array in this way, 
with such a near net shape, a 15 to 30% reduction in 
material required and wastage could be achieved. 
[0064] In the finishing operational step, indicated as I 
in figure 2, a decorative covering can be added, at- 
tached, and fitted, over the moulded fused element in 
order to produce the finished headliner with a suitable 
appearance. Suitable coverings are well known to those 
in the art along with suitable methods for applying such 
coverings. It is mentioned however that the coverings 
may, in particular embodiments, be preferably added 
and fitted during the moulding operation G.H. This could 
be done by interposing the cover material between the 
fused tube planar element 18 and the platen or platens 
21,22. During the moulding operation H this cover ma- 
terial can be bonded to the fused tube planar element 
18, due to the moulding pressure and adhesive which 
may be applied on the cover material. Alternatively the 
cover material could be applied to the fused planar ele- 
ment prior to the moulding operation H and laminated 
onto the fused planar element. Suitable methods for at- 
taching cover materials are well known in the art and 
accordingly any conventional suitable method could be 
used. 

[0065] In addition, or alternatively, to attaching deco- 
rative cover materials to the fused tube element, other 
covering materials and/or panels or sheets 50,52 could 
in further alternative embodiments be attached to the 
fused tube element, as shown for example in figure 10. 
These cover panels 50,52 could be attached over the 
entire fused tube elements 18 on one or (as shown in 
figure 10) both sides or indeed at specific localised po- 
sitions. These cover panels 50,52 can be attached by 
similar means to the attachment of the decorative cov- 
erings and suitable methods for attaching them are gen- 
erally well known in the art. Such cover panels, may be 
made for example from fibreglass, hemp, natural fibres 
or blends of fibres, would provide further structural 
strengthening with an I beam type configuration being 
defined by the cover panels 50,52 and the tube 6 walls 
24. The cover panels 50,52 also, by defining discrete 
enclosed chambers in conjunction with the tubes 6, im- 
prove the acoustic properties. The cover panels 50,52 
will also assist in distributing an impact load over the 
tubes 6 and tube walls 24. 

[0066] In this description generally circular tubes 6 
have been described as being used to produce the 
fused element. Whilst such a cross sectional shape is 
preferable due to the strength of a circular cross section, 
it will be appreciated that other cross sectional shapes 
could be used. The tubes 6, in other embodiments, 
could have for example a square, rectangular, octago- 
nal, or other polygonal, cross sectional shape. The 



tubes 6 could also possibly have an oval or other curved 
cross sectional shape. The term tube-like and reference 
to tubes should therefore be construed, in the broadest 
aspects of the invention, in general terms to ref r to any 

5 substantially hollow elongate member, of which relative- 
ly short laterally connected lengths may be used to form, 
or be defined in, a coherent cellular structure. 
[0067] It will also be appreciated that whilst a partic- 
ular method for producing the material of the kind de- 

w scribed comprising the fused array of tube like elements 
has been described, other methods of producing such 
a material for use in producing an energy management 
structure for a headliner 1 2 can be used, and adapted 
to adopt of the invention. Indeed the principle of provid- 
es ing zones/regions of differing energy management 
properties, in an energy management element compris- 
ing a unitary or coherent structure can be applied to oth- 
er honeycomb like or cellular or similar such materials 
produced in other ways. Such materials comprise in ef- 

20 feet a structure (honeycomb or cellular structure) with at 
least one wall which defines a number of interconnected 
cellular elements. The cellular elements in such materi- 
als are disposed laterally and adjacent to each other. 
Accordingly such alternative materials and methods of 

25 producing them, which because they incorporate a sim- 
ilar type of tubular structure (and in particular a structure 
defining an array of laterally interconnected tubular ele- 
ments) would behave in some respects in a similar fash- 
ion as described above. 

30 [0068] In the preferred arrangements, as described, 
the walls 24 of the tubes 6, walls forming the honeycomb 
or cellular structure, and axes of the tubes or cells de- 
fined extend generally in the direction of the anticipated 
impact force (i.e. as shown the tubes 6 extend through 

35 the thickness of the energy management element 12). 
The impact force generally occurs and is applied normal 
to the facing surface of the energy management ele- 
ment. When an impact force is applied to the facing sur- 
face of the energy management element 12 the walls 

40 24 of the tubes 6 or walls forming the honeycomb or cel- 
lular structure collapsibly deform and/or buckle under 
the impact load. In other words the structure which in- 
cludes voids defined by the tubular elements, is crushed 
and crushable under impact. As they deform or buckle 

45 and the structure is crushed the energy of the impact is 
absorbed. The different physical properties and/or 
structural arrangements (as described above) alter the 
way and force required to deform and/or buckle the en- 
ergy management element 12 and internal structure 

50 thereof. This in turn will therefore determine the impact 
force/energy absorbed as impact force deforms/buckles 
the energy management element, and so determines 
the level of energy management provided. 
[0069] It will be appreciated that although described 

55 in relation to producing vehicle headliners 1 2 the meth- 
od can also be used to produce other trim panels and/ 
or energy absorbent structures generally. 
[0070] Further specific embodiments of the invention 
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will be apparent to those skilled in the art. The above 
provides the technically competent worker in the field 
with sufficient information, starting from the materials of 
the kind described to use and modify same in accord- 
ance with the principles described above. 



Claims 

1. An automotive interior trim product comprising an 
energy management element, said energy man- 
agement element being adapted to be secured to 
an automotive interior as a trim product to provide 
energy management functions and having a lateral 
and/or longitudinal extent such that in use it extends 
into zones of said interior having different levels of 
energy management requirements, said energy 
management element being fabricated from a ma- 
terial comprising a coherent structure comprising 
an array of laterally interconnected tubular ele- 
ments, said energy management element compris- 
ing a one-piece unitary structure with zones of dif- 
fering physical properties produced as a result of 
localised differences in the structure of the energy 
management element, and wherein said localised" 
zones of said energy management structure with 
differing localised physical properties are capable 
in use of providing different levels of energy man- 
agement whereby the energy management provid- 
ed by the energy management element can be 
matched to the energy management requirements 
of the said zones of said interior having different lev- 
els of energy management requirements. 

2. An automotive interior trim product comprising an 
element fabricated from a material comprising a co- 
herent structure comprising an array of laterally in- 
terconnected tubular elements, the element com- 
prising a one-piece unitary structure with zones of 
differing physical properties produced as a result of 
localised differences in the structure of the energy 
management element. 

3. An automotive interior trim product as claimed in 
claim 1 or 2 in which the energy management ele- 
ment is fabricated from an array of laterally inter- 
connected tubular elements comprising at least in 
a first region of the array a first type of tubular mem- 
bers, and in a second and/or remaining region a 
second type of tubular members which differ from 
the first type. 



claim 3 or 4 in which said first and second types of 
tubular members have different wall thicknesses: 

6. An automotive interior trim product as claimed in 
5 any one of claims 3 to 5 in which the first and second 

types of tubular members are made from different 
materials. 

7. An automotive interior trim product as claimed in 
io any one of claims 3 to 6 comprising in further re- 
gions of the array, further different types of tubular 
members. 

8. An automotive interior trim product as claimed in 
is claim 7 in which in a said further region the type of 

tubular members is the same as a type of tubular 
member of another region. 

9. An automotive interior trim product as claimed in 
20 any preceding claim in which the tubular members 

have a substantially circular cross section. 

10. An automotive interior trim product as claimed in 
any one of claims 1 to 8 in which the tubular mem- 

25 bers have a substantially polygonal cross section. 

11. An automotive interior trim product as claimed in 
claim 10 in which the tubular members have a sub- 
stantially four sided polygonal cross section. 

30 

12. An automotive interior trim product as claimed in 
any preceding claim in which at least some of the 
tubular members of energy management element 
are at least partially filled with filling material. 

35 

13. An automotive interior trim product as claimed in 
any preceding claim in which said energy manage- 
ment element comprises a moulded array of later- 
ally interconnected tubular elements wherein the 

40 moulding of said array alters the structure of said 
array of laterally interconnected tubular elements. 

14. An automotive interior trim product as claimed in 
any one of claim 13 in which said array of laterally 

45 interconnected tubular elements is permanently de- 
formed by said moulding. 

15. An automotive interior trim product as claimed in 
claim 13 or 14 in which the tubular members in a 

50 localised zone are buckled by moulding said array 
of laterally interconnected tubular elements. 



4. * An automotive interior trim product as claimed in 

claim 3 in which the tubular members of said first 
type have different cross sectional dimensions to 55 
those of the tubular members of said second type. 

5. An automotive interior trim product as claimed in 



16. An automotive interior trim product as claimed in 
any preceding claim in which the zones of differing 
physical properties are comprised by zones of dif- 
ferent thickness of the said array of laterally inter- 
connected tubular elements comprising the energy 
management element. 
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17. An automotive interior trim product as claimed in 
any preceding claim further comprising a cover pan- 
el disposed on top of at least a part of the energy 
management element. 

18. An automotive interior trim product as claimed in 
claim 17 in which the cover panel is decorative. 

19. An automotive interior trim product as claimed in 
claim 17 or 18 further comprising a second cover 
panel, the cover panels disposed on opposite sides 
of the array of tubular members such that the array 
of tube like members is sandwiched between the 
cover panels. 

20. An automotive interior trim product as claimed in 
any one of claims 1 7 to 1 9 in which the cover panels 
are attached to the array of laterally interconnected 
tubular members. 

21. An automotive interior trim product as claimed in 
any preceding claim in which the material compris- 
ing a coherent structure comprising an array of lat- 
erally interconnected tubular elements is fabricated 
from a plurality of discrete tubular members which' 
are fused or bonded together. 

22. An automotive interior trim product as claimed in 
any preceding claim in which the automotive interior 
trim product is a headlines 

23. An automotive interior trim product as claimed in 
any preceding claim in which the energy manage- 
ment element is shaped by moulding said element 
to produce a shaped element and an automotive in- 
terior trim product of a required shape. 

24. An automotive interior trim product comprising an 
energy management element, said energy man- 
agement element being adapted to be secured to 
an automotive interior as a trim product to provide 
energy management functions, said energy man- 
agement element comprising a coherent structure 
comprising an array of laterally interconnected tu- 
bular elements, said element comprising a one- 
piece unitary structure, and wherein said energy 
management element is adapted to be crushable 
with the tubular members adapted to be deformable 
in response to an impact, in order to absorb in use 
at least a portion of the impact energy and thereby 
provide an energy management function. 

25. An automotive interior trim product as claimed in 
any preceding claim in which said energy manage- 
ment element comprising a coherent structure com- 
prising an array of laterally interconnected tubular 
elements comprises a honeycomb structure with at 
least one wall structure which defines an array of 



laterally interconnected cellular or tubular mem- 
bers. 

26. A method of producing an automotive interior trim 
s product comprising the following steps; 

a) producing an energy management element 
comprising a unitary one piece structure from 
a coherent structure comprising an array of lat- 

10 erally interconnected tubular elements; 

b) providing localised zones of said energy 
management element with differing localised 
physical properties which are capable in use of 
providing different levels of energy manage- 
rs ment; 

c) matching the energy management provided 
by the energy management element to the en- 
ergy management requirements of the interior. 

20 27. A method as claimed in claim 26 in which the energy 
management element is produced by: 

a) producing a block of material comprising a 
coherent structure comprising an array of later- 

25 ally interconnected tubular elements; 

b) slicing said block to produce a series of pla- 
nar elements each of which comprises said en- 
ergy management element. 

30 28. A method of producing an interior trim product as 
claimed in claim 27 which said block is sliced along 
a plane across the axes of the tubular members. 

29. A method of producing an automotive interior trim 
35 product as claimed in any one of claims 26 to 28 in 

which step a) of producing said energy manage- 
ment element comprises the following steps: 

a) producing a plurality of tubular members, 
*o b) closely packing the plurality of tubular mem- 

bers within a frame assembly in an array, 

c) heating or bonding the array of closely 
packed tubular members to fuse or bond the tu- 
bular members together to form a coherent 

45 structure comprising an array of laterally inter- 

connected tubular elements. 

30. A method of producing an interior trim product as 
claimed in claim 29 in which the frame assembly 

50 within which the tubular members are closely 
packed, has a plan shape generally corresponding 
to that of the outline shape of the automotive trim 
product. 

55 31. A method as claimed in claim 29 or 30 in which the 
frame assembly includes at least one plug member 
disposed within the frame and around which the tu- 
bular members are closely packed. 
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32. A method as claimed in claim 31 in which the at least 
one plug member has a shape which corr sponds 
to an aperture which is to be defined within the au- 
tomotive trim panel. 

5 

33. A method of producing an interior trim product as 
claimed in any one of claims 26 to 32 further com- 
prising applying a decorative cover material to a 
surface of said energy management element. 

w 

34. A method as claimed in any one of claims to further 
comprising moulding said energy management el- 
ement. 

35. A method as claimed in claim 34 in which said 
moulding of said energy management element is ar- 
ranged to adapt localised zones of said energy 
management structure to have differing localised 
physical properties. 

20 

36. A method of producing an interior trim product as 
claimed in claim 34 or 35 in which the moulding par- 
tially buckles at least some of the tubular members. 

37. A method of producing an automotive product as' 25 
claimed in any one of claims 1 to 25. 

38. An automotive trim product produced by the method 
of any one of claims 26 to 37. 

30 
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